OBJECTIVES: This paper aim to review the newest literature linking physical inactivity and low fitness to metabolic disorders including cardiovascular disease (CVD) risk factors and obesity. METHODS: There is a rationale for early prevention of CVD if (a) children have a risk factor profile, where risk for future disease is increased, (b) physical activity and CVD risk factors track into adulthood, and (c) increased physical activity can improve the risk factor profile. We reviewed the evidence for a progressive evolution of atherosclerosis starting in childhood, and also that physical activity decreases the rate of the process through several mechanisms. Among the central mechanisms mediating the effect of physical activity are (a) increased insulin sensitivity, (b) a non-insulin-dependent glucose uptake, which causes lower insulin release, (c) an improved ratio between HDL and LDL cholesterol because of increased activity of lipoprotein lipase, and d) improved function of other metabolic hormones and enzymes for fat metabolism. RESULTS: The association between CVD risk factors and physical activity/fitness is weak, when risk factors are analysed isolated. In the normal healthy population of children, studies have shown that risk factors cluster and this clustering is strongly related to low physical activity or fitness. In European children it has been found that as many as 15% of 9-y-old children has clustered risk. Most of the overweight and obese children are among these, but many of the children are lean inactive children, who may later become overweight because of insulin resistance. CONCLUSION: It can be concluded that there is a large potential for primary prevention of CVD in European children, and lifestyle changes including increased physical activity as one of the key actions should be initiated.
Introduction
Cardiovascular disease (CVD) is the most common cause of death in Western societies, and it probably will be in the future also in developing countries. CVD includes many diseases, but in this context only CVD caused by atherosclerosis are included. It is now recognized that CVD is partly a paediatric problem; that is, the onset of CVD lies in early childhood, even though the clinical symptoms of this disease do not become apparent until much later in life. The ideal study to answer the question whether high levels of physical activity and physical fitness during childhood and adolescents lower the risk of developing CVD later in life is a randomized controlled trial with a lifetime follow-up, in which a large group of children is assigned to either a sedentary or an active lifestyle; a study which logically never will take place because of ethical reasons. A sedentary lifestyle is common among adults and is associated with a higher mortality rate and rates of common diseases such as CVD, diabetes, and some cancers in adults. 1 These diseases are not manifest in children, but it may be anticipated that it becomes increasingly difficult to change to a more physically active lifestyle with higher age. There could therefore be good reasons to promote a healthy and active lifestyle in early life. Primary prevention as early as possible should always be preferred instead of prevention at a time where irreversible pathological changes have occurred. The latter may especially be related to metabolic diseases such as CVD and diabetes type 2. There is a rationale for primary prevention in relation to CVD and health promotion in children if (a) a large percentage of children have a lifestyle that is so sedentary that it may increase the risk of developing atherosclerosis or other diseases prematurely; (b) a sedentary lifestyle causes increased levels in disease risk factors (cardiovascular), which is known to increase the risk of premature death; (c) risk factors or sedentary behaviour track during childhood and into adulthood, and (d) interventions including increased physical activity in children at risk are efficient to decrease risk factor levels and change behaviour to a more physically active lifestyle.
Based on the newest literature, this review will elucidate the evidence showing that the above criteria are met.
Relationship between CVD risk factors and physical activity/fitness
The causal chain leading from physical inactivity to CVD is multifactorial, and a description of associations between physical activity/fitness and CVD risk factors is therefore a superficial way to describe the problem of inactivity. Aerobic exercise exerts a direct effect on the circulatory system including the heart. It changes the sensitivity of insulin and adrenalin, and it changes the concentration of the oxidative enzymes in the metabolism of fat and carbohydrates. Insulin and adrenalin are metabolic hormones responsible for changes in fat and carbohydrate metabolism, they are influenced by physical training, and they are related to most of the biological CVD risk factors. Therefore, physical activity causes changes in CVD risk factors such as cholesterol fractions, triglyceride, blood pressure and abdominal fat simultaneously, and part of the benefit from physical activity is caused by changes in these risk factors. Analysis of the association between physical activity/fitness and the combined effect on risk factors gives a much stronger picture of the real benefit. Only few controlled intervention studies have been conducted in children and our main knowledge is coming from cross-sectional studies and longitudinal observational studies.
The cross-sectional association between physical activity and single CVD risk factors is weak and only statistical significant in large studies. [2] [3] [4] This is also the case in adults, but in children the relationship is somewhat weaker, because there are less entirely sedentary children than adults. Armstrong and Simons-Morton reported that data showing a beneficial association between activity and lipids and lipoproteins were minimal, but there was some evidence that HDL might be enhanced. 5 Other studies have found a consistent association between physical activity and risk factors, 6,7 but one study found that this association could be explained by racial differences. 8 A great number of recent studies have found no associations between physical activity and blood lipids, [9] [10] [11] [12] [13] but almost the same number of studies have found a weak association. [14] [15] [16] [17] [18] [19] For blood pressure, most studies have found a relationship to physical fitness and some to physical activity. 3, 9, 11, 13, [19] [20] [21] The relationship between physical activity and blood pressure in children is confounded by body weight, because body weight increases in normal persons with increasing physical activity because of a gain in muscle weight, and body weight is an independent predictor of blood pressure. Shear et al 22 found a positive relationship between blood pressure and body fat in adolescents, but Stallones et al 23 found that the weight to blood pressure association was due to components of body weight other than body fat. 23 Further, because body weight is included in the measure of aerobic fitness, some of the effect of fitness disappears when the association is adjusted for weight, but there still remain a beneficial effect of a high fitness level left. 3, 4 The main reason for the weak relationship is a large variation in both CVD risk factors and in physical activity variables. The great variation in physical activity is a result of real changes in activity levels and assessment problems. 24 Few studies have objective measures of physical activity and most of these have only measured the activity level over a few days, which may not reflect the habitual physical activity level of the child. 25 Further, most children are quite physically active and negative effects of inactivity may mainly be apparent when the activity level becomes very low. Also, some of the effects may develop gradually over many years and are not yet manifest in children. When extreme groups in relation to physical activity are analysed, relationships become stronger. Relationships between physical fitness and CVD risk factors are also stronger, because the variation in fitness is much smaller compared to physical activity. Especially the relationship between fitness and clustered risk is strong. The association between blood pressure, BMI, and physical fitness was analysed in a cross-sectional study of 13 000 Danish adolescents. 4 Physical fitness and BMI were independent predictors of hypertension with an increased risk of being hypertensive of almost five times in the obese compared to normal weight adolescents. A similar increase was found in adolescents with a low fitness level and the relative risk between groups of different BMI of hypertension increased with lower fitness. In the study of Nielsen and Andersen, it was not possible to separate abdominal fatness, but in other studies especially abdominal fat has been shown to be associated with higher risk. [26] [27] [28] [29] Risk factor levels are lower in children than in adults, but conditions similar to the metabolic syndrome in adults are seen in children. The risk factors included in the metabolic syndrome, that is, hyperinsulinemia, low glucose tolerance, hyperlipidemia, hypertension, and obesity, cluster in children already at the age of 9 y. 30 Clustering of risk factors is a condition where risk factors are not independently distributed, and many children have elevated levels in many risk factors. This condition can be defined as a syndrome (metabolic syndrome). Andersen et al found an eight times higher risk of having a high number of risk factors compared to the number of children expected to have this number of risk factors if risk factors had been independently distributed Physical activity and fitness and its relations to CVD risk factors K Froberg and LB Andersen in the population. Clustered risk was found in 15% of the children, who may already be partly resistant to insulin. The clustering of risk factors is found both in children and adolescents and it is associated with low level of fitness. [31] [32] [33] In the European Youth Heart Study, odds ratios for having clustered risk were calculated between quartiles of fitness. When clustered risk was defined as being in the upper quartile of three of five possible risk factors, the risk was 11.4 (95% CI: 5.7-22.9) for the lower quartile of fitness compared to the upper quartile, and the risk was 24 times higher for the low fit if clustered risk was defined as having four or more risk factors. 31 Physical inactivity is recognised as a strong risk factor for CVD in adults, where inactivity can be analysed against hard end points. 34 Myocardial infarction is usually a result of high levels in many risk factors simultaneously over many years, and it can therefore in an analytical sense be compared to clustered risk. It is difficult to define at which level in a CVD risk factor that risk is elevated and children are at risk, but there is little doubt that clustered risk will increase atherosclerosis.
Tracking of CVD risk factors
Tracking is a measure of how well subjects keep rank order within a variable over time. It can be expressed as a correlation calculated over the whole distribution or as an odds ratio of staying at risk from one point of time to another. 35, 36 The former is a good way to express stability in a variable if risk increases linearly, which it does in many CVD risk factors, and there is no well-defined cutoff point in the different risk factors for children above which risk increases. Odds ratio of staying at risk or staying above a defined level in a risk factor may be a better way to analyse relationships if they are not linear or to analyse clustered risk. It may be of less importance if a subject changes from the lower part of the distribution to the middle than a change from the middle to the top. However, many CVD risk factors are linearly associated to CVD. A high tracking coefficient gives a high predictive value of the risk factor measured later in life, but a low value does not necessarily mean the opposite, because it may be caused by measurement error or day to day fluctuations, that is, total cholesterol is very precisely measured in a particular blood sample, but day to day fluctuations are great. A tracking coefficient can never be better than the error variation in the risk factor, and it is therefore difficult to compare tracking coefficients between risk factors. Assessment of physical activity is difficult and both accelerometer measurements and self-reported activity have a low reproducibility, so tracking coefficients are always low, which does not mean that the activity level in childhood is not a determinant of adult activity. Fitness is more stable and changes gradually if physical activity is changed, and a precise assessment is possible. The tracking coefficient normally decreases with increasing time span between the measurements.
Tracking of physical activity
Low tracking coefficients are found in studies where selfreported physical activity has been analysed. [37] [38] [39] [40] [41] [42] Part of the explanation may be assessment problems related to selfreported activity, but some studies have found that childhood participation in sports, educational level, other life experiences, and fitness level predicts adult physical activity level. [43] [44] [45] [46] No studies have reported tracking of physical activity measured with accelerometers, but data have been collected in Denmark in the European Youth Heart Study, and 6 y tracking from the age of 9-15 y will soon be published.
The Danish Youth and Sport Study followed subjects for 8 y from adolescence to young adulthood and found correlations of 0.31 for men (Po0.01) and 0.20 for women (n.s.). 37 The risk for a sedentary man to stay inactive was 2.2 times higher than expected, but for women more sedentary women than expected from a random distribution became active. Similar results were found in the Young Finns Study and in the Amsterdam Growth and Health Study.
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Tracking of physical fitness
Physical fitness is assessed as aerobic fitness or as different measures of strength, flexibility, and other measures often assessed by field test batteries. When tracking of aerobic fitness is analysed, the results depend on the assessment method, because indirect methods include measurement error. Only few studies have used direct measurements of VO 2max . The tracking of aerobic fitness is moderate with correlation coefficient around 0.5. 38, 42 Somewhat higher coefficients are found when isometric strength is assessed (r ¼ 0.7), but if strength is expressed relative to body size values similar to aerobic fitness are found. 48 Even higher coefficients were found in the Leuven Longitudinal study.
49-51
Tracking of blood pressure and lipids
Only a few studies have measured tracking of CVD risk factors from adolescence to young adulthood, and they found similar results. [52] [53] [54] [55] [56] [57] [58] Both blood lipids and blood pressure track in children, but higher correlation coefficients are usually found in cholesterol fractions (0.5-0.7) compared to blood pressure and triglyceride (0.3-0.4). Tracking of blood pressure was assessed in an American study, which followed 211 subjects from childhood (3-11 y) to adulthood (30 y and 50 y of age). 59 Correlations between juvenile blood pressure and adult blood pressure were low, but lower for measurements at age 50 y compared to measurements at age 30 y. Tracking in systolic blood pressure was higher than in diastolic blood pressure. However, more hypertensive subjects dropped out, which could influence tracking coefficients. Also, many subjects at age 50 y use drugs for hypertension, which is an additional bias. Correlations for blood pressure vary between 0.2 and 0.5.
60-62 Associations
Physical activity and fitness and its relations to CVD risk factors K Froberg and LB Andersen between blood pressures measured with years interval are weakened by large intrasubject variability from day to day and even within minutes. Part of this variation could be diminished by more measurements before the follow-up and after the follow-up, but such data are not available. Blood lipids and lipoproteins are more stable than physical activity and blood pressure from childhood to adulthood except for triglyceride. 53, 58, 63 Most correlations are between 0.5 and 0.7 for total cholesterol and LDL cholesterol, and somewhat lower for triglyceride and other lipoproteins. This is quite high because big fluctuations occur from day to day in total cholesterol. Subjects in the highest quintile of total cholesterol as children have a 2-3-fold increased risk of being in the highest quintile after 8 ys of follow-up, 37 and a doubled risk after 15 y of follow-up. 64 
Tracking of clustered risk
In the Danish Youth and Sport Study, a total risk score was calculated as the sum of scores in the single risk factors (ranked into 1-6). 36 A high correlation coefficient was found from adolescence to adulthood in men (r ¼ 0.67, Po0.001) but not in women (r ¼ 0.33, Po0.01). Recently, a report analysing tracking of clustered risk was published from this cohort, and those who had clustered risk as teenagers had a six-fold increased risk of having clustered risk as young adults.
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In conclusion, CVD risk factors and physical fitness are tracked. Blood pressure, triglyceride, and physical activity only show weak tracking mainly because these variables are difficult to assess, but clustered risk tracks strongly.
Effect of physical activity
Few randomised controlled trials exist where the effect of physical training on CVD risk factors have been studied in children. Hansen et al 65 found an increase in aerobic fitness and a decrease in blood pressure after 8 months of training in hypertensive children. Longitudinal observational studies support this finding. In these studies, changes are observed and the associations between changes in physical activity or fitness can be analysed against changes in risk factors (Table 1) The Danish Youth and Sport Study followed a cohort initially 15-19 y of age for 8 y. 67 Blood pressure, skinfold, blood lipids, waist to hip ratio, physical activity, and physical fitness were assessed. Physical activity or fitness during adolescence was not associated to CVD risk factors in young adulthood, but changes from adolescence to adulthood in fitness were related to risk in adulthood and to changes in risk from adolescence to adulthood, that is, subjects who decreased their fitness level also changed to a worse risk factor profile. The Amsterdam Growth and Health Study observed a cohort through their teenage years and found that physical fitness during these years predicted adult levels after 20 y of follow-up in fatness and serum cholesterol. 72 
Conclusions
Significant relationships between physical activity or fitness and each of the CVD risk factors do exist, but they are weak. Additionally, significant dose-response relationships between physical activity or fitness and metabolic risk clustering have been observed. The observations are consistent, and they are underlined by experimental evidence including reversibility, and there are biologically plausible explanations for why such associations should exist. It is therefore reasonable to conclude that the relationships are causal. The direction of this causality, however, has to be evaluated in future research. Physical activity and fitness and its relations to CVD risk factors K Froberg and LB Andersen
